Abstract
Introduction
Overweight and obesity are among the major health problems in developed and developing countries [1] [2] [3] [4] . They are also risk factors for other health problems such as cardiovascular disease, hypertension, diabetes, some cancers, gallbladder disease, osteoarthritis, and dyslipidemia [5] [6] [7] [8] [9] [10] . Many studies show that overweight and obesity in adolescence are powerful predictors of adulthood weight and disease [11, 12] . The social and economic consequences of overweight and obesity during adolescence are perhaps greater than the physical consequences [6, 13, 14] .
In Iran there are few data on the prevalence of overweight and obesity, especially among adolescent girls. According to a review of the literature, the prevalence of these indices in adolescent girls was 13.3% and 4.4%, respectively [15, 16] . In other countries, different results for prevalence of overweight and obesity in adolescent girls have been shown [3, [17] [18] [19] [20] [21] [22] [23] . Some studies show prevalence of up to 40% overweight and 16% obesity in adolescent girls in parts of the United States [19, 20] . With attention to the scarcity of studies on the subject, we attempted to determine the prevalence of overweight and obesity in Iranian adolescent girls attending high school in Tabriz.
Materials and methods
In this descriptive study, a sample of 1,650 girls was selected from among high-school students in Tabriz city in 2001.The sample size of 1,417 subjects was calculated according to the following formula:
where N is the sample size, Z is the 95% confidence interval (CI), α is 1 -CI, P is the assumed prevalence (from other studies) of obesity and overweight (18%), and d is the percent error (2%). A two-stage stratified random-sampling technique was used. A total of 1,650 girls were randomly selected, but the final study sample size was 1,518 because students under age 14 or over age 18 were excluded since there were too few to yield any reliable data.
Nutritionists measured weight and height and collected demographic information such as family size, mother's literacy, and family income. Weight was measured to the nearest kilogram with the subjects wearing light clothes and without shoes (Seca Medica 672, Germany). Height was measured to the nearest centimeter by a fiberglass butterfly tape attached to a smooth, straight wall, with students standing upright with both feet firmly planted on the platform and without shoes.
After collection of weight, height, and demographic information, the data were analyzed by the SPSS Version 10 statistical software package. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 .
Two standards were used for definitions of overweight and obesity: BMI percentiles from the First National Health and Nutrition Examination Survey (NHANES I), and the International Obesity Task Force (IOTF) BMI cutoffs. In NHANES I, the risks of overweight and obesity are defined as the percentages of students with BMI of 85th percentile to ≤ 95th percentile and BMI ≥ 95th percentile, age-and sex-specific percentiles, respectively [24] .The second set of criteria was introduced by the International Obesity Task Force (IOTF). In this set, overweight for age groups 14-14.9; 15-15.9; 16-16.9; and 17-17.9 is defined as: BMI ≥ 23.66 to < 28.87; BMI ≥ 24.17 to < 29.29; BMI ≥ 24.54 to < 29.56; and BMI ≥ 24.85 to < 29.84, respectively. Obesity for above groups defined as: BMI ≥ 28.87; BMI ≥ 29.29; BMI ≥ 29.56; and BMI ≥ 29.84, respectively. These cutoffs are based on BMI percentiles but use data pooled from six large, nationally representative surveys [25] .
In addition, underweight (BMI ≤ 15th percentile) and the percentage of students with BMI > 5th percentile to ≤ 15th percentile and BMI ≤ 5th percentile (severe underweight) of NHANES I were calculated. The relation between demographic characteristics and BMI was assessed by Pearson's simple correlation analysis test.
Results
In the studied subjects, the mean ± SD family size was 5.1 ± 1.4, age 16.0 ± 1.4 years, weight 52.7 ± 9.0 kg, height 157.4 ± 5.4 cm, and BMI 21.3 ± 3.6. Table 1 shows the age distribution of the study subjects and the prevalence of overweight and obesity according to the two standards. According to the NHANES I percentiles, 14.6% (95% CI 12.8%, 16.4%) of the subjects were overweight or obese. Overweight and obesity were seen in 11.1% (95% CI 9.5%, 12.7%) and 3.6% (95% CI 2.6%, 4.5%) of students, respectively. According to the IOTF cutoffs, 14% (95% CI 12.3%, 15.7%) of the subjects were overweight or obese. Overweight and obesity were seen in 10.1% (95% CI 8.6%, 11.6%) and 3.9% (95% CI 2.9%, 4.9%) of the students, respectively. Overweight was higher and obesity was lower by NHANES I than by IOTF cutoffs. By both standards, overweight and obesity were most prevalent in 16-to 16.9-year-old girls. Eight percent of the study subjects (95% CI 6.6%, 9.4%) had a BMI below the 15th percentile of NHANES I. Table 2 shows the frequency of students with BMI > 5th percentile and ≤ 15th percentile and BMI ≤ 5th percentile of NHANES I.
In Pearson's simple correlation analysis, there was an inverse relationship between family size and BMI (r = -0.13; p < 0.01); i.e., larger family size was related to lower BMI. There was a positive relationship between mother's literacy (r = 0.12; p < 0.05) and family income (r = 0.11; p < 0.05) and BMI; i.e., higher literacy level of mother or higher family income was related to higher BMI. 
Discussion
We assessed the prevalence of overweight and obesity in Tabriz high-school girls by using age-and sex-specific BMI reference data from NHANES I and IOTF. Our study showed that 14% to 14.6% of study subjects were overweight or obese. The prevalences of overweight and obesity according to two standards were 10.1% to 11.1% and 3.6% to 3.9%, respectively.
One study in seven provinces of Iran showed that 6% of adolescents were overweight or obese [4] . In another study in Tehran, 13.3% and 4.4% of adolescents were overweight and obese, respectively [16] . Both of these studies used NHANES I percentiles to define overweight and obesity. In another study of high-school girls from Kerman (a province in Iran), 5.3% of subjects had various grades of overweight (BMI ≥ 25). In this study, 56.2% were underweight or very underweight (BMI < 19.9) [15] .
By considering BMI > 85th percentile as overweight/ obesity, Broussard et al. [17] , Pawson et al. [18] , and Troiano et al. [19] showed a prevalence of overweight/ obesity of 10% to 25%, while Jackson [20] showed a prevalence of 39.3% overweight/obesity in American adolescent girls of varied ethnicity. By defining a BMI of 85th percentile to ≤ 95th percentile as overweight, Gauthier et al. [21] showed that 34% of adolescent girls in the US were overweight. In another study in Saudi Arabia [3] , the prevalence of overweight was 16.6%.By considering BMI ≥ 95th percentile as obesity, Broussard et al. [17] , Pawson et al. [18] , and Troiano et al. [19] showed a prevalence of obesity of 3% to 8.8%,while Dwyer et al. [22] and Gauthier et al. [21] showed a prevalence of 14.7% to 18% obesity in American adolescent girls of varied ethnicity. The study in Saudi Arabia [3] showed a prevalence of obesity of 12% in adolescent girls.
Neumark-Sztainer et al. [23] , in a study in the United
States on 14-to-18-year-old subjects, reported a 12.7% prevalence of underweight (BMI < 15th percentile) in girls. In another study in Saudi Arabia [3] , the prevalence of BMI ≤ 15th percentile was 11.3%. Both studies used the NHANES I percentiles. In our study, 8% (95% CI 6.6%, 9.4%) of the subjects had BMI ≤ 15th percentiles of NHANES I. In developed countries, the prevalence of childhood obesity is as high as 18% to 30% [26] [27] [28] [29] [30] . In developing countries, according to data collected by the World Health Organization (WHO) from 94 countries, the mean prevalence of childhood obesity is 3.3% [31] .Our results show a prevalence less than that seen in developed countries yet somewhat higher than the mean for developing countries.
Conclusions
Comparison of our results with similar studies shows that the prevalence of overweight and obesity in Tabriz high-school girls is higher than in other parts of Iran, except Tehran, where the prevalence is about the same. The prevalence of overweight and obesity in Tabriz high-school girls is less than that seen in studies in developed and some neighboring countries, such as Saudi Arabia. In Tabriz high-school girls, in addition to overweight and obesity, underweight (BMI ≤ 15th percentile, age-and sex-specific BMI percentiles from NHANES I) is present.
The reasons for these results are uncertain. One reason may be a high intake of energy. One study in Iran showed that the mean intake of energy was 2,672 kcal/day, while the mean energy requirement was 2,228 kcal/day [32] . In our study we used only BMI; therefore, larger studies on the subject are needed at the national level using different indices. 
